Nowadays, the use of computed tomography (CT) simulation is getting widespread with the use of new treatment modalities like three dimensional conformal radiotherapy (3D-CRT), intensity modulated radiotherapy (IMRT), adaptive radiotherapy (ART) and stereotactic radiosurgery (SRS) in radiotherapy facilities. The main purpose of these new treatment modalities are to increase the survival and increase the quality of life by reducing the side effects. However, radiation induced secondary malignancy risk is getting important after radiotherapy with the increase in survival. Especially, CT scanning was performed from head to sacral region for 3D-CRT craniospinal treatments techniques in children or young patients and several precautions should be taken to reduce the radiation dose due to the CT simulation. In this study, we measured organ equivalent dose in Alderson Rando phantom and we estimate radiation-induced cancer risk due to CT scanning for different conditions. According to our measurement, secondary malignancy risk was found to be between 0.10% -0.22% for different conditions in craniospinal CT simulation.
INTRODUCTION
Since the introduction of computed tomography (CT) in 1970s, the use of CT in diagnostic and other therapeutic implication has increased and getting widespread rapidly. 1 In 2007, It is estimated that approximately 72 million CT scan were performed in the USA and almost 4 million of these scans is performed in person who is younger than 18 years old. 2 However, it is a known fact that ionizing radiation can break the molecular bonds of DNA and cause the formation of a cancer cell. 3 The most important risk factors affecting the secondary malignancy risk due to the CT scanning can be defined as age of person and the amount of exposured dose which is related with tube voltage, scanning thickness, location and size of the scanned region. Therefore, ALARA principle. 4 should be taken into consideration in every implication, especially for children, to reduce the cancer risk due to the ionizing radiation. In this study, we evaluate the secondary malignancy risk due to the craniospinal CT simulation for radiotherapy treatment planning.
MATERIALS AND METHODS
In this study, CT scanning and measurements were performed in GE™ Hi-speed NX/I CT Simulator, commercially available from GE Medical System, Milwaukee Wisconsin, USA. In the measurements, Alderson Rando phantom and about 80 thermoluminescent detectors (TLDs), TLD 100H, were used. Firstly, Alderson Rando phantom was scanned in 2.5 mm thickness by setting tube voltage as 100 kVp. Then, CT images were transferred to the treatment planning system. By using these images all of the organs and structures cited in "The International Commission on Radiological Protection" (ICRP) 103 publication 4 were defined on each image to evaluate the secondary malignancy risk. TLDs were placed to defined organs and structure on Rando Alderson phantom and measurements were performed. We divided measurements into two parts as shown in Figure 1 .
Secondary Malignancy Risk for Different Tube Voltage and Slice Thickness in Helical CT Simulation
In the first part, Helical CT scanning was performed in 2.5 mm, 5.0 mm slice thickness and 80 kVp, 100 kVp, 120 kVp tube voltages. After performed these processes, TLDs were read and organ equivalent dose were calculated by using recommended tissue weighting factors in ICRP 103 publication. By using these data, we found effective dose and we calculated secondary malignancy risk per whole body CT scanning.
Comparison of Helical and Axial CT Simulation in terms of Secondary Malignancy Risk
In the second part, we measured organ equivalent dose and effective dose to compare secondary malignancy risk for helical and axial CT scanning applications in 80 kVp and 120 kVp tube voltages.
RESULTS

Secondary Malignancy Risk for Different Tube Voltage and Slice Thickness in Helical CT Simulation
Effective dose measured for different tube voltages and slice thickness were illustrated in Table 1 . In the table, it is seen that effective dose increase with increasing tube voltage and decreasing slice thickness of scanning. According to ICRP 103 recommendation, lifetime cancer risk per Sv is reported as 5.0% and in this study secondary malignancy risk was found between 0.10% -0.17% for whole body CT scanning for defined conditions in the Table 1 .
Comparison of Helical and Axial CT Simulation in terms of Secondary Malignancy Risk
According to our measurement results in axial CT scanning secondary malignancy risk increase approximately 30% with respect to helical CT scanning (Table 2) .
DISCUSSION
Organ equivalent dose and effective dose is getting increase with the increasing use of CT in medical facilities. Therefore, secondary malignancy risk cannot be underestimated due to the radiation dose delivered to patient during these applications. Furthermore, children are at greater risk than adults from a given dose of radiation since they are inherently more radiosensitive. Brenner et al. reported that estimated lifetime cancer risk from CT scanning in a 1 year-old are 0.18% (abdominal CT scan) and 0.07% (head CT scan). 5 In another study, Furlow pointed out that 20 years old people who was exposed to ionizing radiation have a two times higher cancer risk than someone who was 40 years old. 6 Despite all these data, it is estimated that 30% of computed tomography tests may be unnecessary. 7 In addition to diagnostic use, CT simulation has been used widespreadly in radiotherapy facilities. Large body region, particularly in craniospinal patients, is scanned to use in radiotherapy treatment planning. However, this causes an increase in total body dose which cannot be negligible in children and young patients. According to our measurement, secondary malignancy risk was found between 0.10% -0.22% for different conditions in craniospinal CT simulation.
Several precautions should be taken to minimize lifetime cancer risk due to the CT scanning. The first one is choosing optimal CT thickness and tube voltage according to patient size. Second way is defining treatment region correctly and avoiding unnecessary CT scan out of the treatment region. The last and most important one is avoiding from unne- 
